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Two band superconductivity in MgB2 
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superconducting gap => order parameter

I=<Ψi|A●p|Ψf>2A(k,ω) f(ω)
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Spectral changes across Tc and T* at antinode
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Spectral changes across Tc and T* at antinode

5

4

3

2

1

0

-40 -20 0 20 40
Energy [meV]

 11K
 14K
 17K
 20K
 23K
 26K
 29K

 32K
 35K
 38K
 41K

In
te

ns
ity

 [1
04

 c
ou

nt
s]

Tc

5

4

3

2

1

0

-40 -20 0 20 40
Energy [meV]

 35K
 38K
 41K
 50K
 70K
 90K
 110K

In
te

ns
ity

 [1
04

 c
ou

nt
s]

T*

-2

-1

0

1

-40 -20 0 20 40
Energy [meV]

I (T ) − I (41K)

In
te

ns
ity

 [1
04

 c
ou

nt
s]

In
te

ns
ity

 [a
.u

.]

-60 -40 -20 0 20 40 60
Energy [meV]

WCP 

I(11K)−I(41K)

Weight of 
coherent 

peak

-2

-1

0

1

-40 -20 0 20 40
Energy [meV]

I (T ) - I (110K)

In
te

ns
ity

 [1
04

 c
ou

nt
s]

In
te

ns
ity

 [a
.u

.]

-60 -40 -20 0 20 40 60
Energy [meV]

WPG 

I(41K)-I(110K)

Weight 
“lost” to 

pseudogap



70

60

50

40

30

20

10

0

Sp
ec

tra
l g

ap
 [m

eV
]

403020100
φ [deg]

OD29K
 11K
 40K
 Δ0 cos(2φ)

Δ0=14meV

-1
0

1
ky  / π

3210-1

kx / π

φ

Spectral gap



70

60

50

40

30

20

10

0

Sp
ec

tra
l g

ap
 [m

eV
]

403020100
φ [deg]

OD29K
 11K
 40K
 Δ0 cos(2φ)

Δ0=14meV

70

60

50

40

30

20

10

0

Sp
ec

tra
l g

ap
 [m

eV
]

403020100
φ [deg]

OP35K
 11K
 40K
 Δ0 cos(2φ)

Δ0=18meV

-1
0

1
ky  / π

3210-1

kx / π

φ

Spectral gap



70

60

50

40

30

20

10

0

Sp
ec

tra
l g

ap
 [m

eV
]

403020100
φ [deg]

OD29K
 11K
 40K
 Δ0 cos(2φ)

Δ0=14meV

70

60

50

40

30

20

10

0

Sp
ec

tra
l g

ap
 [m

eV
]

403020100
φ [deg]

OP35K
 11K
 40K
 Δ0 cos(2φ)

Δ0=18meV

70

60

50

40

30

20

10

0

Sp
ec

tra
l g

ap
 [m

eV
]

403020100
φ [deg]

UD23K
 11K
 40K
 Δ0cos(2φ)

Δ0=19meV

-1
0

1
ky  / π

3210-1

kx / π

φ

Spectral gap



A. Kanigel et al., Phys. Rev. Lett 101, 137002 (2008)

Superconducting (pairing) gap



A. Kanigel et al., Phys. Rev. Lett 101, 137002 (2008)

Charge Density Wave (CDW) gap
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weakly interacting electrons - Fermi liquid model

Quasiparticle=“renormalized electron”

m* , τ

Σ − self energy

Σ(k,ω)=αω+i(βω2+γT2)
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Scattering rates
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Based on the dispersion we can conclude that the interaction with the collective mode occurs 
only in the superconducting state, its energy is constant throughout the Brillouin zone and its 
strength increases significantly towards the antinode. These properties are consistent with the 
resonant mode observed by Inelastic Neutron Scattering (INS) experiments.



Self energy (=> scattering rate)
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Ag on Ag(111)Cu on Cu(111)

Scattering in traditional STM

9K => 12K
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Scattering maps

- elastic (Ω=0) - analogous to FT STM

- inelastic (Ω≠0) - analogous to INS
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